The effects of setting all T=0 two body interaction matrix elements equal to a constant (or zero) in shell model calculations (designated as < T = 0 >= 0) are investigated. Despite the apparent severity of such a procedure, one gets fairly reasonable spectra. We find that using < T = 0 >= 0 in single j shell calculations degeneracies appear e.g. the I = 
I. INTRODUCTION
In the early 1960's single j shell calculations in the f 7/2 region were performed by McCullen, Bayman, and Zamick (MBZ) [1, 2] and Ginocchio and French [3] . In these calculations the two body matrix elements were taken from experiment. However the T=0 neutron proton spectrum in 42 Sc was not well determined. Calculations with correct T=0 matrix elements were later performed by Kutschera, Brown, and Ogawa [4] .
In order to see how neutron-proton two body matrix elements with isospin T=0 affect the low lying spectra of nuclei, we have set them to a constant in a single j shell calculation in the f 7/2 region. We can then write V T =0 = c(1/4 − t 1 · t 2 ) where c is a constant. Hence i<j V
T =0 ij = c/8(n(n − 1) + 6) − c/2T (T + 1). This means that the spectrum of states of a given isospin e.g. T=0 in 44 Ti is independent of what the constant is, it might as well be zero. What the constant is will affect only the energy splittings of states with different isospin. We shall denote this matrix element input as < T = 0 >= 0.
Although setting all T=0 matrix elements to a constant may seem like a severe approximation, it will be seen that one gets a fairly good representation of the spectrum. When the T=0 matrix elements are reintroduced, there is some fine tuning which improves the spectrum.
While the problem of T=1 pairing is better understood and studied, there exists a very extensive literature on the possibility of T=0 pairing, both pro and con. We here include some of the relevant references. [5] [6] [7] [8] [9] [10] [11] [12] [13] In a shell model calculation the effects of both T=0 and T=1 pairing are automatically included. The problem then is to sort out as much as possible the individual effects.
In the next sections we will consider calculations in the f 7/2 shell and in the full fp space.
II. RESULTS OF SINGLE J SHELL CALCULATIONS
In the following tables we show T=T min calculated yrast spectra for 43 Ti (Table I) and 44 Ti (Table II) where we use 2 different sets of matrix elements. In the first two columns we show < T = 0 >= 0 for the 42 Sc matrix elements. The last two columns consists of matrix elements from 42 Sc with the T=0 matrix elements now included. Also to gain some insight into how configuration mixing affects our results, we present full fp space results for 43 Ti   and  44 Ti in Tables III and IV respectively. In the single j shell calculation for which the matrix elements were taken from the spectrum of 42 Sc the values of these matrix elements for J =0 to J=7 were 0.000 MeV, 0. We will point out several features to be found in the tables. We observe many levels that were considerably separated in the 'normal' interaction become degenerate when we go to < T = 0 >= 0. We explore this further in the next section. We find that in general with few exceptions that the odd I levels of 44 Ti are at a lower excitation energy when we go to the < T = 0 >= 0 version of the interactions and that the 43 Ti spectra is lowered in total.
III. THE DEGENERACIES THAT OCCUR IN < T = 0 >= 0 AND
EXPLANATIONS
As can be seen from Tables I and II The wavefunctions for the Titanium isotopes are written as
where D ± (J p , J n ) is the probability amplitude that in a state of total angular momentum I the protons couple to J p and the neutrons to J n . The elements
Let us first consider ( where J p is the angular momentum of the two protons. The interaction matrix element
For even J, T is equal to one while for odd J, T is equal to zero.
We next consider 44 Ti The interaction matrix element
where the unitary recouping coefficients are related to the Wigner 9j symbols
For symmetry relations the 9j symbols are more convenient than the unitary coefficients.
It is instructive to look at the energies and wavefunctions (ie column vectors) for the 
We focus on the T=0 states. This makes the life much simpler. Instead of three states each we need only worry about one I=9 + and two I=10 + states. Note that for I=9 + T=0
the state was the simple wavefunction
What clearly happens for I=10 + in < T = 0 >= 0 is that there is a decoupling of [6, 4] and [4, 6] from [6, 6] So that the wavefunctions of the two T=0 states become show only these wavefunctions in Table V . When the T=0 two particle matrix elements are set equal to zero the wave functions simplify as shown in the table.
We now begin to see a connection between I = 3 and D (6, 4) . Visually, the column vectors look the same. And it is precisely these states that are degenerate.
Let us now show why in the case of < T = 0 >= 0 the matrix element
This is a necessary condition for the wave functions to have the simple form discussed in this section.
From the expression for the neutron-proton interaction previously given the above matrix element is (j= 
where the proportionality constant c is 156 √ 13. (Note that E 5 and E 7 are equal to zero because all odd J have T=0) Because the last 9j above has two rows identical it is necessary for J A to be even ie J A =4 or 6. Thus the coefficient of E 6 is (c)(13)(9)
Using symmetry properties of 9j symbols we note that every term in the above expression (both for E 4 and E 6 ) contains the 9j symbol
. This 9j symbol is zero and hence we have shown why the above neutron-proton matrix element vanishes. It is by no means obvious why this 9j vanishes. There will be considerable discussion in the next section of why some of the 6j's and 9j's we encounter vanish.
Although in Table V and Zamick [15] .
IV. WHY SOME RACAH COEFFICIENTS VANISH -REGGE SYMMETRIES
Thus far we have explained how degeneracies arise by matrices that certain Racah or 9j symbols vanish. In this section we look for a deeper meaning. We were aided in this by many insightful articles collected in Biedenharn and Van Dam [16] .
For convenience we shall switch from unitary Racah coeffiecients to Wigner 6j symbols U(abcd; ef ) = (−1)
In the previous section we noted that the 6j symbol We find we can relate the above 6j symbol to a simpler one using one of the six remarkable relations discovered by Regge in 1959 [17] We follow the notation of Rotenberg et. al.
[18]
From this Regge symmetry relation we find that
We note that 6j symbols with a "two" in them have been worked out by Biedenharn, Blatt, and Rose [19] . Using their notation we find from their results that
l 2 = J 1 + 1 and l 1 = J 1 + 1 is proportional to X where
We have L = 2j − 2, J 1 = 2j − 3, l 1 = 2j − 2, J 2 = 2j − 2, and l 2 = 2j − 1. With these values we see that X vanishes.
In Regge's paper [17] he states "although no direct connection has been established between these wider symmetries it seems very probably that it will be found in the future." 
Following the notation of Rotenberg et.al. [18] we first write down the well known expression for a 9j as a sum over three 6j symbols.
The parameter β is constrained by triangle relations in each of the 6j symbols. In particular first 6j symbol constrains β as follows
From these constraints β = (3j-3) or (3j-4) or the first 6j symbol is zero. If β = (3j-4) the second 6j symbol becomes the one previously discussed above in equation 6 and was there shown to be zero. This leaves β = (3j-3).
In this case the last 6j symbol becomes (2j − 1) (2j − 1) (4j − 4) (3j − 3) j j which we now show vanishes.
We will use the Regge symmetry [18] 
(j 2 − j 3 + l 2 + l 3 ) so that we can now write
The results of 6j symbols with a " ), and c = (2j − 1) is zero. Thus in the lone remaining case of β=(3j-3) the final 6j symbol in the sum is zero. So for any allowed value of β one of the 6j symbols is zero implying that the 9j symbol
is zero.
V. FULL F-P CALCULATION FOR 43 T I AND 44 T I
We have performed full fp calculations for 44 Ti and 43 Ti with the FPD6 interaction.
We shall show these and also compare the 44 Ti calculations with single j results using the spectrum of 42 Sc as input. The later is shown in Fig 1. We first discuss T=0 states in the even-even nucleus 44 Ti. In Table II and Fig 2 are degenerate as has been previously discussed.
In the last two columns we have the single j shell results when the full spectrum of 42 Sc is introduced including the T=0 matrix elements. We note that there is much more change in the odd I spectrum than in the even I. The odd I spectrum raises considerably. The even I spectrum gets spread out a bit but this is tame in comparison to the alteration in the odd I spectrum.
In Table IV and Fig 3 we show results for a full f-p calculation using FPD6. We use the same format as for Table II . When the two body T=0 matrix elements are set equal to zero (first two columns), we find surprisingly that there is not much difference with the single j shell calculation shown in Table II and Fig 2. The I=9 + and 10 + state which were exactly degenerate in the single j shell calculation are still nearly degenerate in the full fp calculation. The overall spectra do not look very different (see first two columns in Tables   II and IV and Fig 2 and 3 ).
There is one difference however the appearance in Table IV We now come to the full f-p calculation in which all the two body matrix elements of the FPD6 interaction are in play-both T=0 and T=1. Now we see major differences for both the even I and odd I states of 44 Ti. (See Table IV The odd I states experience a substantial upward shift in the spectrum. Now the I=9 + state is considerably higher than the I = 10 + state (9.030 vs 7.790 MeV).
In the single j shell calculation with matrix elements from 42 Sc the even I columns corresponding to < T = 0 >= 0 and full spectrum (the first and third columns of energy levels) are not that different. It appears that the reintroduction of the T=0 two body matrix elements does not make much difference. In Fig 3 however the third column, again even I, gets more spread out relative to the first column going a bit in the direction of giving a more rotational spectrum. Thus is would appear that for even I the T=0 two body matrix elements will affect the spectrum in a significant way only when configuration mixing is present.
We now consider the odd-even spectrum 43 Ti( 43 Sc). The results are shown in Tables I   and III The results at first look a bit complicated but a careful examination shows systematic behavior.
For I less than
− the states come down in energy (relative to the I= 
